Sir, In a recent article in the journal (1) I proposed an alternative approach for analyzing crossover studies. In addition, I proposed a one-group analysis for the special case of crossovers of active vs. inert treatment. After discussion with several colleagues of these newly proposed methods I now have to admit that the onegroup analysis is not appropriate with time effect in the study.
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Briefly, the notion of a simple crossover study is Period y ijk = the response of the jth patient in the ith group in the kth period. We assume that n 1 =n 2 =n and that y i.k = S y ijk /n. Also we assume that the samples have a normal or t-distribution and that in a crossover without carryover or time effect the data of the second period are a true reflection of the first period because the two treatment groups are symmetrical. To test treatment effect (j), carryover effect (l), and time effect (p) the following null-hypotheses are tested (two-group analyses):
If the situation allows the assumption that the reference treatment in the trial is inert, it will not usually cause carryover effect, and I proposed that, consequently, we would be able to account for carryover effect only in the group that received the inert treatment after the active treatment. Assuming that treatment 1 is inert then we would have to account for the carryover effect in group 2 only, and the analysis for carryover effect in this situation would become (onegroup analysis):
Because time effect is considered to affect the two treatment groups similarly, its influence on the size of treatment and carryover effect is negligible. Suppose we have time effect in the amount of 1/2p in each of the two treatment groups. In the two-group analyses j and l are obviously independent of p. In the one-group carryover analysis this is not so, however.
l= y 2.2 +1/2p -y 1.1
Hypothetical Example
Suppose we have a crossover with the data of group 2 being a true reflection of group 1. In this example improvement is measured by the number of Raynaud attacks/ week (means ± standard deviations). Vasodilator 2 is effective, vasodilator 1 is not. Then consider the possibility that due to a change in the seasons both treatments do less well in the second than in the first period, causing the results of period 2 to change from 25±4 and 35±4 into 30±4 and 40±4. For the purpose of this particular example we assume that the variance of this time effect (1/2 p =5) negligibly influences the variances already in the study. This allows us to simply add this time effect to the means without influencing their standard deviations. In this example the amount of carryover effect according to the above two-group analysis is rightly zero. l= (y 2.1 + y 2.2 + 1/2p) -(y 1.1 + y 1.2 + 1/2p)= 65 -65= 0 However, if we decide to choose the one-group carryover analysis, we find l= y 2.2 + 1/2 p -y 1.1 = 40-35 = 5
Testing whether this amount is significantly different from zero we may use t-statistic t= d/SE (or one-way ANOVA, F value), where d is l and SE is its standard error.
where s is the standard deviation of each mean response (±4). SE l thus becomes Ö4.16 /10=2.5
This means that t = 5 /2.5 = 2, and that the null hypothesis of no carryover effect is thus erroneously rejected at the p=0.05 level.
Conclusion
The two-group analysis for carryover, treatment, and time effect proposed in the recently published article in this journal (1) accounts for between-group disparities in drug response, and is, therefore, a more appropriate analysis for the purpose of analyzing crossover studies than the ANCOVA approach as currently assumed by many workers.
The two-group test for carryover effect generally keeps its level of power in the presence of time effect. A problem arises by using the one-group test for carryover effect, a method proposed as a simple and more powerful alternative in case of an inert reference treatment. When using this one-group carryover analysis in the presence of time effect, we may wrongly decide that there is a carryover effect, simply because the test is sensitive to possible time effect. This means that we may find an effect where there is none. This problem is particularly important because it would lead to an erroneous overall misinterpretation of the trial, since a trial is considered to be biased and is rejected in the presence of a significant carryover effect. There is an old adage among statisticians which says: generally a test which does not keep its nominal level, is not acceptable. The one group analysis for carryover effect, indeed, does not keep its nominal level, because it takes into account only 2 x n data, while there are, actually, 4 x n data in the trial. This communication is to emphasize that a one-group analysis for carryover effects in crossover studies confounds time effect with carryover effect, and should, therefore, not be performed.
